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A MANAGEMENT APPROACH TO THE DEVELOP MENT OF COMPUTER- BASED SYSTEMS

R . Turn , M. R. Davis and R. N. Reinstedt
The Rand Corpora t ion

Santa Monica , CA ~~

Aba~~act

Many organizations have experienced serious diffi— hardware ~i:~d software separately, hoping to integrate
culties in developing complex computer—based systems , these successfull y later both with each other and with
especially their software components. The problems the rest of the system . Some of the systems developed
include large cost overruns , schedu le  slippages , in— under this philosophy are still atuck in the develop—
adequate performance, and inability to use the system ment tar pit.
as or ig ina l ly envisioned. One major reason for such
lack of success has been the inability of the manage— Underlying these unsuccessful management efforts
ment of the organization or the development effort to is a set of management attitudes and beliefs——a set of
understand the need for a total—system management myths——which do not reflec t the true nature of compu—
approach. In particular , acquisition of software a~d ter systems and software and their development process—
hardware separately with the hope of integrating them es:
later does not work in complex systems. This paper
outlines a management approach to acquiring computer Myth: Stating valid and complete requirements for a
system s which encompasses the whole system , with new computer system Is a relatively 

~~~~~~emphasis on the software , from the initial concept task.
formulation to the support of the operational system . Myth: Hardware and software can be purchased or
Expected improvements in the development process and developed separately and fitted together
organizational Implications of this management la ter , and still later , fitted into the admin-
approach are discussed. istrative and procedural environment.

Myth: Since software is somehow different from hard—
MANAGEMENT PROBLEMS AND MYTHS ware , its acquisition must be managed differ—

Many organizations have experienced difficulties
in developing complex computer—based systems , par ti— Myth : Management review mechanisms used In hardware
cularly the software. Fred Brooks , in The Mythica l development are superfluous for software (or
Man—Month, likens large software development efforts are impossible to conduct).
to the struggle of prehistoric beasts trying to Myth: Many hardware Inadequacies can easily be off-
escape the tar pits: Large and small , massive and set by simple software changes.
wiry, team after team has become entangled In the tar .
No one th ing seems to cause the difficulty—-any Myth: Acquisition of software can be treated as a
particular paw can be pulled away. But the accumula— production—like process , similar to procure—
tlon of simultaneous and interacting factors brings ment of standard hardware.
slower and slower motion. Everyone seems to have been Myth: Software , once developed , hardly ever needs
surprised by the stickiness of the problem , and It 1$ to be changed again.
hard to discern the nature of it (11.

Myth: Support of software in operational systems Is
In the metaphorical tar pit have been systems essentially the same as maintenance of the

such as air line reservatior system s, operat ing systems hardware.
developed by omputer menuf,~ictur~ rs . and a variety of
systems developed by the milit ary services. Expert— Thus the problems in managing the development of
,~nces with the latter , in particular , have contrib uted computer systems are compounded by policy and organiza—
much i,( the  ration ale for the management approach tional arrsngements that reflect the above myths.
advocated in the prese~nt paper. This approach is a Superimposed on this is a diffusion of responsibility
general ization of conclusions reachod in a study of and authority because of management ’s inadequate under—
computer resource management of the United States Air standing of computers. There is a serious scarcity of
Force In which the authors participated 121 . personnel who are technically equipped and sufficientl y

experienced to mak e sound decisions in the management
One major reason for the stickiness of the computer of c~~ puter system development.
systems development problem , especially in large mi li—
tary systems that include computers as subsystems , has BASIC P REMISES
been the inability of the top management and managers
of the developmen t effort to appreciate the subtle’ieø Considerable information was collected during the
of integrating computers with other systems. They cited computer resource management study on projects
have failed to appreciate the need for a total system that have Involved computer system development . This
management approjch. Instead , they have developed resulted in four basic premises that we believe to be
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fundamental to successful management of computer sys— types before preparing comp lete functional sp~c 1fi ~~ -
tern acquisition. t ic,ns. However , these differences are not fundamental.

A s t r u c t u r e d  management  , l o c t r i n e  a p p l i c a b l e  to  we l l
defined systens is equally app li.able to a phased in—
cremental development.

The phrase “c omputer sy’.tem ’ usuall y refers to
the combinat ion ot harwarv and soitware needed to per— Us, of llevelo~~ent_Mana~~ment Methods
form some task, to its broadest context , the phrase Acq uiring computer systems is freqccntl y tze.i ted
also includes hardware maintenance , software support , as a simp le prniu tion task , when in t a t  I t  i s a
documentation , data sources , personnel , administrative development process whh-h may demand sophist hated
practices , and operational procenures. II.iwever , i t  is research and development management techniques. Beth
cOmmon to find both the acquisiti on md operation of hardware and software components of a new computer-
these various parts managed separately with little cr based system require highly discip l ined development
no attention to the overall tntegr,tt inn problems , management because they share several char a cter isti s:

If tradeoffs are to be macic, a computer system o Both involve innovation , creat ivity, and ingenu—
development project must be managed as a total system , ity throughout the development stage. These
rather than as a series of separate p a rts. Althoug h aspects of the development process make pre& ise
the parts may be different in some sense, the d iffer— scheduling, cost estimation , and pertor~aanceences amplify rather than reduce the need to consider prediction difficult.
software and hardware as closely interrelated compo-
nents of the same system , rather than atomistic enti— o Both are subjec t to piece—part testing during

ties to be managed separately and differently. It is the development phase and testing of the complete
‘especially important to address the hardware—software system to validate the proper integration of its

interaction during the initi al phases of a project in many parts and components.
which new software is being developed for a new hard— a Both are vulnerable to tinkering and modification
ware system. duric? development and in operation , so that con-

figuratIon control becomes an important and
Interactions between hardware and software are essential function . This is especially true for

many ; unless their development Is closely integrated , software because of the ease of making seemingly
they may each accumulate design characteristics that simple changes without adequate management in-
are inconsistent with the other , .irid these inconsisten— volvement and with unperceived implic ations for
c ies mal, not be visible until late in the development the future.
process . The necessary reconciliation can be very
costly and time consuming. Software acquisition for a new computer system

must be managed as a structured development process not

Similar Management Procedures only for the above reasons , but because of its special
nature. For example , although the basic laws of

An examination of computer systems in different ph ys ics c lear l y constrain the perforrtance of hardware
functional areas (such as military command and control systems, and these constraints are widely recognized
systems, on—line transaction—driven systems , manage— and understood , constraints on software performance are
sent support system s, and computers embedded in indus— poorl y defined and incompletely known . Many aspects of
trial or military systems) has failed to reveal any sof twar.s design , performance prediction , and resource
justification for different management approaches. estimation are based only on experience with past pro-
One argument that has been used in the past is that jects of a similar nature , with the following results:
the difficulty of defining operational needs and func-
tional specifications for a certain computer system is o Cost and schedule estimates may ha,’e large uncer—
so great that an incremental* development approach is taint lea.
necessary. It is true that some systems can he sped —
f ied with high confidenco that subsequent events will o The correc t design approach may not becomte appa r-

not soon invalidate the details , and that In otoers ent until after a su ’-st antial amount of prelicci-
there Is a substantial risk that the specifications nary design and development work . Prototypes ,
will need to be changed before the system development simulation , arid even IliA d tests nay be reçuired.

has been comple ted. It even may be necessary to per— 
~ The body of specifications , design standards , pre-

form operational tests of system components or proto— ferred practices , and docurentstion standards is
much less well developed for software.

*The words evolutionary arid incremental are uced These characteristics raise spec ial problems for
software acquisition. Current management proceduresin a variety ~f meanings when applied to  computer de— 
are based on the premise that reasonably precise costvel opment . In the present study, we hav e adop ted a 
and schedule estimates can be made at the beginning ofprecise set of definitions summarized as follows : 
full—scale development and that there exists a body of

Evolutionary requirements arc achieved by incre— specifica tions and design standards; in fact , however ,
mental development according to a phased program where the art of software development has not yet reached
each phase i~ a complete pass through an orderly pro— this degree of stability and predictability.
cesa of development and produces an increment of
capabili ty. Because software has no significant produ tlon

The Inappropriate phase “evol utionary develop— phase, its development cost is a significantl y l a rge
merit” can give a manager the impression that the pro— frac tion of its total life—cycle cost in comparison

cess of development does not have to he managed or con— with hardware. This fact a~~ entuates the need for both

t ro l led , bu t can be allowed to muddle forward with a complete specification of functional requirements and
guaran tee of successful outcome. Thus , we p re f e r  no t thorough reviews of prelitrinary and detailed designs

~ to associate “evolu t ionary” in any way with develop— prior to initation of full—scale software develop—
— ment , but confine it to a descriptor of system re— ment.

quirements.
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Life—Cycle Manajement o Ad,,pts a t ’tal system approach in the acqui siti n
- I r.vstem har lw .cre and software and in the tnt,’—

Both harJw .cr,. and s- ftwa r e comp lients I large gr a t icn  w i t h  other systems.
computer sys tems  r e r u i r e  c. o s ide r , cb l e  s u p po r t  a lt e r
d e l i v e r y  to the user. Hardware tcc ds mainten ance be— o App lies uni!orml y (but on a scale curmunem.suratt-
caur~e it deteriorates over time . Software does not with the nature and size) to all development
“wear out ” in the usual meaning of ib,. term (and , eftorts within the organization and addresses
henc e , the phrase “software maintenance” is a also -  the total system life cycle.
mer), but inevitabl y there are desi gn oversi ghts and
errors nr,t caught in testing. Fuithermore , in the A model of such a process and its imp lications to man-
operational phase software invariabl y requires sub— aging computer system acquisitions are discussed below .
stantia l amounts of support for techn ical improvement . The management policy must also reflec t other prerequi-
As a consequence , support tends to be a major item in sites to successful development management :
software Life—cycle cost.

o Recognize that acquisitio . of a computer—based
The mechanics of changing software are straight— system , especiall y its software component , is a

forward and simp le , and the replication of hanges in development process that must be managed as
many copies of software is also straightforward. This such , part icularly with respect to management
has led to the myth that software is easy to change. attitudes , procedures , and controls.
What is missed is that software is an intricate fabric o Recognize the iterative nature of the develop—
of interactions and mutual dependencies ; changes can

meni process.
affect other parts of the program in hard to perceive

,ways and , more often than not , can introduce new o Recognize that the cost of rectif y ing design
problems and anomalies. Consequently , It is very flows discovered in the later phases f the de—
difficult for anyone but the ori gina l developer to velopment process is much greater than in
successfull y make major software changes without a earlier phases , and that it is important to
substantial investment in becoming famil iar with the place great emphasis on thorough reviews of the
program. Ideal l y, the original developer should sup— system specifications and design proposals.
port the software throughout its operationa l life.

o Recognize the importance of constructive con—
Alter nativel y ,  the organ ization ultimatel y respons ible  frontation in design reviews and the necessity
for operational support must be thoroughl y involv ed in of establishing review greups that are indepen—
the development , partic ipate in the acceptance tests , dent from end—users and developers.and thoroughl y understand the design details.

Eveir if the organization adopts a poli cy along
TOTAL SYSTEM MANACSF.MENT APPROACH these lines , not all of its elements are likel y t . wel-

come the new controls p lac ed on them. Thoret re , i t
In this section we will outline a management 

may be necessary to esta h li -.h within the organi zation
approach to the development of computer—based systems
which we believe can avoid the development “tar pits.” 

a special entit y-- c f,nal point for l omputer ,v ,t.o,

development——which has the necessary expertise and is
We will discuss the salient features of the necessary
management policy, outline an orderly development pro— placed high enough within the organizational structure

to successfully enforce the development pol icy and , ifcesa , and discuss the organizational aspects of its
implementation. necessary,  confront the existing power structure. An

illustration of such a focal point is the recently
established Assistant Chief of Staff for Communications

Management Pol icy and Computer Resources in the U.S. Air Force.

Any organization wi th extensive commitments to
the use of computer—based systems must adopt a policy The Development Process
at the highest management levels to f u l l y support  the Acq uisition of computer—based systems must be
development of these systems. This policy must pre— 

treated as an orderly process that encompasses the en-
scribe a development proceas which conforms with the

tire life cycle of the system , from the statement of a
basic premises identified in the previous section :

function to be automated to supporting the operational
use of the system acquired for this purpose. Figure 1
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deptc  is va t  i o n S  Phases ~~l ~~II I . S I . c~ Ii pla ’& is After the ,bove rev icwa have beec, performed by
reptesen tT .  by .c r,c tOni .c t ~~‘ •.ls o c la w- . it s c -c ’ i m p a r t  1 , 1  g rou p s  and coo l  r o l l  ,.t ion has t a k e n  p iac  e ,
impo i -t . in t  C O t al, t i n-c . Liii. - no ;o~ I,. uscu to Indi— th,’ re’l,clre’-eI,: s c.o, b,- dc ,curnent,- 1 oil su hrlt ted to

ca t e  t h e  d i i  i c c  cut -c m gao c. - c ons , or c l .~~c .nt s 01 i n  th e  1 cc t ioo l ogY! P equir eucent  s Va l i  O a t  lou process (phase
organi c: ion , t t,.it ,uuc inc i p c l s  III c o t ,  p h a s e :  .‘a .y  B ) .  Ilowever , i t Is O c t  imp l ied t ha t  phase B ’s fur, t i n  -
s o l i d I in, ’ -. i n d t ’ . u t e  user’. • I dnut,I&’ li ces l i d  i— will be perf rood ,n I~ on a full s approved set of r e—

ca t e  in dep endent  r e v i e w  g r - s c p s , cu d l i g h t  c t c ~~~ - l i n es q u i r c o e r o t s .  Even if  r e r u i r e m e n t s  are  to,, u n c e r t a i n  fc, r
t he c o m p u t e r  s- . ; t e ’ m  d~~s I - 5uc and lc-v eiop m ent group, fo rmal  ap p r o v a l  so t h a t  f i r t h e r  s tu d y b y t h e  use i s

r equ i red , some of t h e  phase B pro~ isiE- S can be h e l p f u l .
The re m u s t  he su l  1’. i e u u t  or :,~,cu, i z,ct t o ~cal  i ndepen— The need f o r  e x p l o r a t o r y  work  d u r i n g  t h e  requirements

de n e  between these  ,‘c ement,, t o  en coic lage  c o n s t r u c t i v e  f o r m u l a t i o n  process s h ou l d  be exp l i c i t l y r e c og n i z e d
c r i t i c i s m  and to avoid compromises  if the f u n c t i o n  of and provided f o r  In the  management  p r ocedure .
one e l emen t  b y the a u t h o r i t y  tmn.’sc’it by another. For
e x a m p l e , c l i  ppag,’ in de v,’ 1 l I ST-n t 5. I T h U  I i ’  mus t  not  he
arbitrarily compensated t ’ r by s i l I r t e n i n g  the testing Techno1og~~/R~~~uirement~~~Valida t iom . The goal 1

time unless th~ end—user and a~ I r e l e v a n t  management  t h i s  pha se  i s v a l i d a t i o n  of the te ehn i~ - l  .,nd e 11000.1,

levels understand and .cccept t b ,  p er f o r m a n c e  r i s k  t h a t  a spects  of ti,,~ requirements. ‘Ih is process shculc en—

w i l l  be incur red . courage  co n f r o n t a t i o n  bc’t~ .ee~ users and developers to
a s c e r t a i n  t : e  t e c h n i c a l  f e a s i b i l i t y  c - I  iwp l e m m t e n t t t : p  -~

The i t e ra t i v e  n a t u r e  of l i c e  t c .v e ’l opme nt  p rocess  system to s a t i s f y t t - e  s t a t ed  r e o u 1 r e~~en t s .  The ,us er

is underscored  by t h e  a m y  I c ’ c t h c  I p .cth s b e t w e e n  o rgani z a t i o n  should  be in c o n t r o l , but part i o  i p a t i , r i

f u n c t i o n s  and p hase s. I t  d e s ig n  r e v i e w s  c r , -  est . ,t -- of an i n d ep en o e n t  r e vi e w  g r o u p  is re l u l r e d  t o  iden t  1:

l i shed at  a p p r o p r i a t e  p o i n t s  I n  t Ic , ’  d . -ve lop cm ent  pr c — a nd ana l yze t e c h n f c c c l problems and to perf r~ t r a d e -

c ess , and if  i t  is u n d e r s t o o d  1,’.’ a l l  involved  t h a t  a I t s ,  Sat i s f a c t o r y  answers mus t  be ~ 1ven to t h e

r eview may r e s u l t  in r e p e at  ing a [ r ev  b u s  I I , r t  cit f o l l o w i n g :  k’hat deg ree  of technical risk or uncert ain—

par ts f the devc’lopm.’cut act i vi t v , the n t i n ’  process r y  is involved in m e e t i n g  t h e  r e q u i r e m e n t s ?  I s  any
research i n d i c a t e d ?  is the  p ro jec t ed  s c h ed u l e  appro —can proceed in a c on t r o l l e d  -cod r a t i o n a l  m a n n e r . p r i a t e ?  Are t he re  any spec ia l  t e c h n i c a l  a s p e c t s  t h a t
require extraordinary management measuren?F i n a l l y ,  i t  is I m p o r t a n t  to emp h a s i z e  t h a t  the

process applies equall y well to ,cll systems: t o  a
After comp letion of the technical review—— ari dt u rnkey  system , to each phase I t  an i ncr e m e n t a l  devel-

opment of a sys tem , or to  ea sh  s tep  f or w a r d  in t im e t h e r e  may be several i t e r a t i o n s  of m o d i f y ing f u n c t i o n a l
r e q u i r e m e n t s  and e v a l u a tIn g  the t e c h n d c a i  a s p e c t s  ofphased progress ion  of a sv s t cr T . t h e i r  imp l e m e n t a t I o n — — t h e  r equ i r emen t s  and t e c h n h a i
inputs are amalgamated  i n to  de t a i l ed  f u n c t i o n a l  re-

Miss ion_R e gu tr e t c a t i o n . This phase q u i r em e n t s .  These are a g a i n  reviewed ( in  phase B2 )  b y
(Box A i n ~~~ig .  I) is exceeding l y important because it an independent group to determine whether:
provides t i e  p e r f o r m a n c e  i n p u t s  t h a t  d r i v e  the res t
of the  system d e v e l o pm e n t  process .  I t  is a r e l a t i v e l y o The de ta i l ed  f u n c t ion a l  r e q u i r e m e n t s  s p e c i f i—
informa l and somet imes lcn~ th y . n t l v t t y  w h i c h  must  be cal ly  and accurate ly  d e f i n e  the de s i r ed  c ipa-
c o n t r o l l e d  b y users  r a t h e r  t h a n  t h e  d e v e lop e r s .  When b i l i t i es  and the  necessary resources , ,and
the o p e r a t i on a l  r e q u i r e m e n t s  Ire  d e f I n e d  to the  whether  t h e r e  is ~~ a c c u r a t e  m a t c h  between the
ex ten t  t h a t  development  can he cons idered , they  must  user ’s s t a t ed  m i s s i o n  and t he  r eques t ed  resources .
be s u b m i t t e d  to a process - f  r e v i e w  and c o n f r o n t a t i o n

o B e n e f i c i a l t r a d e o f f s  can he i den t i i i , . d  Inc-c ,  an(phases A2 and A 3 ) .  In  phase AZ , t he  st a t ed  need Is
r eviewed f r o m  ii top l evel o r g a n i z a t i o n a l po in t  of examina t ion  of t he  r e qu i r e me o t s  to p resen t  to

v iew , look ing  -i t  the  f u n c t i o n a l  r a t h e r  than  t e c h n i c a l  the  user choices such as a less a m b i t i o u s  bu t
less cos t ly  system , or a system t h a t , whi leaspects  of the  r e q u i r e m e n t s .  Among the  c r i t e r i a  tha t

must be considered ore: providing less , can become operational at an
earlier date .

o Does the organization require the proposed o Adequate provisions tc,r technical management
capabil ity ? Is it consistent with the long— have been incorporated in the proposal tri

range goals , pol icy ,  and p l a n n i ng  of the  assure successful  Implementat ion and v i s i b i l —
organization? ity to management.

o Are there existing systems within the organi— A substantial amount of tim e ari d techniciA work , in—zation that could be used to satisfy this
eluding the development and testing of a prototype

need ? system or a port ion of one , ~ay be needed to satis-
fac tor ily answer theøe questions.These questions serve a dua l  f u n c t i o n  of establishing

the overal l  Importance of the proposed aystem , ~~ The final produc ts of this phase are a set of de—well a. alerting those who may become involved in 
tailed specificatione which have been subjected itadapting the system to a standard rcrganization—wide 
thorough functional and technical reviews, arid ause. managemen t approach consistent  with the  tec!’ur .Ical
cherac teri sti cs of the project.

Given a satisfactory review of the stated need ,
i t  is impor tan t  to addreca the adecuacy of the per-
formance requirements that have been proposed (phase Design and Develop ment. This phase •houlii be per-
A3) . It must be det ermined whether the requirements formed by an organization independent of the user
make sense in that they accurately represent what is organization. This  phase proceeds in to  the  p r e l im i n a r y
needed . Among the questions to be asked In such a system design s tep (C l)  in which analyses  and t r a d e o f f s
rev iev •hould be: ta an automated system really are made to produce a set of deai~ru alternatives tha t
necessary? Are the requirements qtated clearly are evaluated on the basic of various criteri a Such as
enough to be understood by the developers and by the performance , coSt , and reliabili ty. Important manage—
users themselves? What impact will the proposed merit questions in this pha~e include:capabilities have on other functional cress?
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o Does th~ prelim in ary system developm ent placc , The principal question is whether the system p,.rtirms
c’spec Ia Iv t hose part ~ I n c  c c c ~- lude computer as spec i t  ied n the detailed co-sign ape if i i  c t  c o n s  pri -—
equi pment - m u d scn c~~-.re pr vide adequate v l s i —  duced and .cccep t c’ II in p~case Cl.
b uli ty to ircauua gemcl ct .

The second step ( D 2 c  trust ic pertormed by the
o Is the-re a plan f i c u  proceeding through the eventual users to test the system ’s functiona l p e r t - r n —

deve lopmen t  pr ch ess in art ordc’u ly manner? ance——does  i t  s a t i s fy  users ’ needs? It may turn out
o Is there a plan for o r d e r l y  t r a n s i t i o n  to that even though t h e fuci , tional spei ifi at licIc S are

the user and to the support organization? fu 1Ue~i , the system Is not truly ie.p. -nsive t o  t he
Su c h p l ans  a re  e s p e c i al l y  needed for  s o f t —  user ’s requirements , necessitating a r e tu rn  t i an ear —
ware , for which specific provis ions must be h e r  phase in the development pro -e ar . For example ,
made d u r i ng  the  des ign  phase t o a l low sub— if t h e  f u n ct i o n a l  r e q u i r em e n t s  art ’  d i f f i c u l t  to  det irc e ,
sequent testing , integration , and support, they may not be imp lemented exa ctl y ri lti t at tir st , I n

other cases , the system capabiliti es nay need to react
Upon completion of -, preliminar y desi gn review , to changes in high—level polIcies ~s w e ll as t I pu ss1—

the detailed design of the systom (phase C2) c-olmtcences . ble changes In operational environments- However , in
An iterative process is to he expec ted .  The f i n a l  any such ins tance  the 5:/stem may still be ah ;e to pro’—
design must ,-,lso be sujected t o  a thoroug h and criti— vide an i n i t i a l  inc rem en t  of c a p a b i l i t y  w h I l e  d e v e l o p —
cal desig n rev iew , it is important that the user ment to meet t hiC full needs continues. ;n an~ c i s c ,
p a r t i c i p a t e  in t h is  review . Among the  ques t ions  to be the dev elopment process w i l l  l ive prod cccc- d a l’:cnc
asked are: design ~~~ initia l inc rement of c a p a b i l i t y .

o Is it clear that the correc t design choice Consistent with the emphasis placed on Independent
has been made? review of each ph ase- of the deve lopment  pr ib l ess , a

o Have relevant hardware—softw-,re tradeoffs 
special review group must oversee every  m aj o r  testing
activity, eval uate system module and Integration tests ,

been adequatel y performed? and assure that the tests specified in the management
o in view f the tec hnIc a l inuc igluts now avail— plan are conducted and their objectives met.

able , are the requirements properl y stated?
At this critical juncture In the development producti~~~. In hardware systems , comp letion of
pro cess , th is fundamental question must he the test step is followed by conventional factory pro—
reviewed .

duction (phase E). For softwar e, the production phase
o Since sore Information is available now is minimal——the automated preparation of error—free

than when the estimates were first made , copies by computer of the original programs for dis-
does Lhe additional information Indicate tribution to thu users. The absence of a software
that new cost and time estimates should he production phase is one m~ j o r distinction between hard—
made? ware and software , especiall y In terms of funding.

Nearly all of the software acquisition cost consume-s
o Does the or i g in . c l  de s isn  s t r a t e g y  s t i l l  development  f u n d s , t he reb y p u t t i n g  add i t ional  s t r a i n s

appear  v a l i d ?  Does t he  ‘;yatem deve lopment on a traditionafl tight bud get category.
p lan still seem appropriate?

The development of the system (phase C3) imp le— Operation and Support. The final test of the sys—
me’its the detailed design in a form that can be tested tern ’s ability to satisf y the need defined by the user
and , in the case of hardware , passed into production , in phase A comes in the actual operational use of the
For software, the final development step consists of system in th e  real  world envi ronment . At t h i s  point ,
writing the computer code in the chosen programming the  user has f o r m a l l y accepted the iysterc f rom the
language. Except for testing , th is completes the soft— developer , and the responsibility b r  support is tran-
ware development process since no significant produc— sitioned to the user or to a supporting organization.
tion stop is involved other than making error—free Transitioning the system is an important step easily
copies and comp let ing the documentation . Throughout overlooked in the early phases of the development pro—
the development phase , the projec t managemen t must ceas , especially in embedded computer systems. Conse-
remain aware of considera tions such as: quently ,  in numer ous cases the necessary suppor t

equipment and software have not been ready when the
o Are there any technical problems to be solved system became operational.
before proceeding with development?

The maintenance functicn (phase G) assures that
o Is development conforming to the program the system r emains operational desp ite the n a t u r a l
management plan? deterioration of the system ’s hardware . Since there

o Are milestones , benchmarks , and other ie no intrinsic wear—out of computer software, soft—
checkpoints being set? ware support mainly involves produc t improvement (in-

creasing efficiency, reliability, or supportability),o ArC factors emerging that may require major product enhancement (providing new functional caps—
revisions in the development process , the bilities), and correcting design oversights arid errors.schedule , or the technical approach? However , software changes can force a return of the

With the completion of the development step,  the 
eystem to earlier phases of the development process
than of hardware change s . Managers who believe that

system is ready for a sequenc, of tests, software is easy to change are apt to ask for software
improvements or enhan cements much more casuall y than

T.sting . The testing phase couspri sea two distinct for hardware changes , not recognizing that their re—
step , involving distinct organizations. The first step quests may require a repetition of the entire develop—
Is not nscesssrily totally separate from the develop— merit process.
sent phase——test ing of subsystems can proceed as soon
as their ds.ign and implementation are complete. Teat— One consequence of the special nature of aoftware
ing of the system performance against the design speci— support is that software ie always at some level of

• fica tion. (Dl) must be performed by a technologically continuing development ; it therefore appears “never
competent group independent of the system developer, completed” to managers and auditors who believe the
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myth that “software can be producci as a turnkey sys— betweetc users , developers , and the spicter
tern.” commun ity at large. M iruirnnz e counterproduc-

tiv e - conf li cts Let wo- ’o di fter e nt f u n c t l u - n a l

U~~ anizat j ca I lcr~u i ~~~ 
entitie s - t the org on izat ion b’: pI ssessing

th e -  au tho r  i t ,  t - ad ~ud ic a t e  -c tc ~ such d is—
A l t h o u g b c  t h e -  o r o c e s 5  t e - y i c t e d  in t he  l i f e — c y c l e  put es.

model is normal ly f o l l o w e d  in t he  deve lopment  of r u t i j o r
systems , its appl ication to computer—based systems has ° A s s u r e  v 1 s cb i l i t ~- to managem ent of c o m p u t e r
been sporadic . However , case histories show that resources costs by collecting information

skipping any phase In the orderl y process schematized oo the financial lapel ts of rcsu u acqui—

in Fig .  1 a lmos t  gua ran tees  tha t  t he  system in ques— sition and operation. Serve as a c r t c r a t e

t ion  w i l l  not  meet performance , schedule , or cost 
memory ci f the difficulties experienced as

expec t a t i ons . It  is e s s e n t i a l  t h a t  t he  development  of w e l l  as successes achieved in co m p u t e r  sys—

computer resources be subjected to the discipline t ent development .

represented by this model , and it is necessary thu
apply vigorous and independent management review prac— To function effectivel y, the focal pu m t  must not serve

tices to assure that these vital procedures ,mre as an initiator or p art ic ipant in generating user ’s re--

adhered to. quirements , nor should this group be an advocate ef any
proposed compute r  sys tem u 5 t i l  at t e r i t  has rea ched t h e

Numerous organizational issues arise : Who should full—scale development phise.

perform each function? Who should be responsible for
the various reviews? Some organizations have combined TIme - pos itio u c c of t~~ f o c a l  point c~i tS t n the manage—

,the tasks of development and testing under common sent structure c t  the o’ganizatic -c t us r iu c  Ia !.  In
management ; still others have split the design and those organizations that presentl y experience di fficul—

development management to address hardware and soft— ties with developing computer—based s :snern s , or where

ware issues Independentl y, the goal is to c e n t r a l i z e  a c u r r e n t l y dec e n t r a l i z e d
management  of computer resources , it Is essent cc~ to

Furthermore , in some orgac~i7atIcuns computer re— p rov ide  t he  fo c a l  point  w i t h a s t r en g  s t a r t i n g  p o s i t i o n

sources are managed central l y from the organization ’s In the organization. For examp le , he could he s-ide

head quarters , in others they are managed in a decen— vice president for computer resource management or an

trahized fashion by functional elements of the organi— assistant to the president . Placing the focal po icu t in

zation. Whatev er the Structure , the success of the an existing of ice (e.g., crc the o ffi ce of the comp—

management approach we have described depends on the troller , the traditional home for management of corn—

establishment of a focal point * for computer acquisi— pu te r  sys tems)  is a c c e p t a b l e  only in organizati ons in

t i o n  ma t t e r s , who w i l l  provide  technical expertise for which computer Systems are predominantl y used in that

conducting management reviews prescribed in the de— specific functional area.

veloprnent process. Other changes in the organizational
s t r u c t u r e  may be needed at the functional users ’ level , 

The position of the focal poin t  in the  o r g a n i z a—

especially f o r  requi rements  generation.  tional s t r u c t u r e  is acceptable  if he has :

o S t a t u r e  to enable p roduc t ive  c o n f r o n t a t i o n  of
F o c a l i z a t i o n .  The p r i nc ipa l  purpose rc f e s t a b l i s h —  the ex i s t ing  power s t r u c t u r e  and to  i n s t i t u t e

ing a computer resource management focal point in an the new policy.
organization is to set up an organizational element
t h a t  can assure the  dIsc i p l ined  a p p l i c a t i o n  of manage— o Access to  the top—level  man agement  in the

merit reviews and controls throughout the development organization and participatIon in the forma l

life cycle of a computer system . More specifically, and Informa l decisionmaking activities of the

the purposes of focalization are to: organization (establishment of the focal
point must transmit an unambiguous and strong

0 Develop and assure the a p p li cat i o n  of un i fo rm signal that  the  top msnagement is determined

policy and management controls to all computer to solve its computer system development prob—

system acquisitions, hems).

o Assure th e presence of independent tec hnical Furthermore , the focalization concept should be estab—
exper t ise  at manasement decision points in hished not only at the highest management levels in
the organiza t ion , and provide improved aware— the organization but extended to the lower—echelon or-
ness of computer systems, c specially their ganizational entities and functional areas (e.g., a
coats , to the top—level management . computer resource single manager hierarchy in the U.S.

o Assure the exploration of technical alterna— Air Force).

tives early in the requirements identif ice—
t ion end val idat ion process , end in early Separation. It is important for effective devel—
development phases , so that development opment of computer system s that the organizational
risk . can be iden t i f i ed  earl~’. From his entity which develops the operational requirements for
vantage point of a ut h o r i ty ,  and wi th  vis i— a computer—based system be organiza t ional ly  separate
bility and technical expertise , the focal from the desigu and development groups. The user muSt
point can assure that the recommended con— be intimately involved with requirements generation
frontation in the development procep s will and must stay connected to the development process:
occur. Thie minimiz es the risk that the Functional and technical compromises and adjustments
orgsniz .tion will apply computer resource, are inevit able , specifications must  be in te rpre ted , and
to unproductive goals , requirements may change s u f f i c i e n t l y  to j u s t i f y  chang—

o Provide a central point of contact within ing the specif ications . However , the user cannot be

the organization to facilitate interaction allowed to exploit his interaction to the detriment of
the development process by interjectiog a continuous
stream of requirement changes as he conceives new Ideas5

The focal poin t for computer resources management or refines his perception of needs. While  he must  be
i~ an organizational e n t i ty  represented in our discus— deeply involved in and even control the Initial re—

ut sion by i t s  d i r e c t o r .  quireiitents generation phase during other  phases he must

6
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in te rac t  onl y in a c a r e f u l l y  c o n t r o l l e d  way under  lessons of the past not onl y be learned bu t  a lso  put
stric t managemen t con trol . Even in an incremental de— to use. We are convinced that computer systems can be

velopment approach to meet evolutionary requirements , developed as effec tivel y as other comp lex systems ,
each cyc le  of progress must be completed before ex— provided that (1) the un i que na tu r e  of computers and
panded or revised requirements initiate the next cycle, computer software is recognized; (2) a development

policy based on the app licat ion of an orderl y develcip—
Such a separation of responsibilities and careful ment process is formulated ; and (3) certain organiza-

control of interactions must be exercised everywhere in tional entities are established to imp lement this
the o rgan iza t ion  where the development process takes policy and perform management reviews .
place. A user rnust be given the resources and the re-
sponsibility to define the syetems that increase his ACKNOWLEDGEI.~ NTSe f f ec tiveness , but the development responsibility l ies
w i t h  other  groups . The au thors  g r a t e f u l l y  acknowledge  majmur contri-

butions to this paper by their colleagues at The Rand
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